












分类号    密级     学校编码：10384
学号：25320121151707 UDC   
硕 士 学  位  论  文
几类经典岩土类材料弹塑性本构模型及其敏感
性分析方法研究
Typical Elasto-Plastic Constitutive Models and Their 
Sensitivity Studies of Earth Materials 
邱志坚 
指导教师姓名：  古  泉 教 授 
专  业 名 称：  结  构 工 程 
论文提交日期：  2015 年 04 月
论文答辩时间：  2015 年       月 
学位授予日期：  2015 年 月
答辩委员会主席：
评   阅     人：



















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的



































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 









































































厦门大学硕士学位论文                                                                                                                                                                            摘要 
ABSTRACT 
Study on the nonlinear mechanics behavior of earth materials has significant 
influence on the seismic dynamic response analysis of the soil-foundation-structures 
interaction system (SFSI) and dam-foundation-water coupling system. For instance, 
soil liquefaction may lead to foundation failure and in turn damage the upper 
structures. The damage fracture on concrete dam could evolve into structural failure 
or even lead to dam collapse. Therefore, it is of great importance to do more research 
on the nonlinear mechanics behavior of earth materials during earthquake. Based on 
this, several typical elasto-plastic constitutive models of the earth materials, such as 
three-dimensional (3D) J2 model，Cap model、Pressure-Independent multi-yield- 
surfaces clay model (MYS), Pressure-Dependent multi-yield-surfaces soil model used 
to simulate soil contraction, dilation and liquefaction, and Druker-Prager model are 
studied. Besides, derivations and implementations of these models in OpenSees are 
also presented in details. 
The thesis presents a modified multi-yield-surface (MMYS) plasticity model 
employing a ‘sequential closest point projection’ method that is consistent with the 
discretization of backbone curve of multi-yield-surface (MYS) model. Compared with 
existing MYS model, the newly developed MMYS model eliminates the main sources 
of the numerical errors caused by the inconsistency between model and discretized 
backbone curve, significantly improving the numerical stability and convergence rate 
of Newton-Raphson (N-R) iterative process in structural level. Furthermore, 
consistent tangent operators consistent with the integration algorithm for the MMYS 
model are derived, thus the quadratic rate of convergence in a N-R process is 
preserved.  
In addition, finite element (FE) response sensitivity analysis is a very important and 
necessary complement to the response analysis, since the major focus placed only on 
the seismic dynamic response analysis is incomplete to study the complex structural 
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Differentiation Method (DDM) is a very efficient and accurate method to calculate the 
response gradient, as well as an essential tool in studying the propagation of 
uncertainties in nonlinear dynamic analysis of structural and SFSI systems. It is worth 
mentioning that the DDM based FE response sensitivities represent an essential 
ingredient for gradient-based optimization methods which are needed in many 
subfields of structural engineering, such as structural reliability analysis, structural 
identification, structural optimization, and finite element model updating. 
Furthermore, FE response sensitivities are extremely useful for obtaining the relative 
importance of a system and the loading parameters with regard to structural response. 
This thesis presents the derivations of response sensitivity analysis using DDM for 
3D J2 model, Cap model, Druker-Prager model, acoustic model (for water), boundary 
element (transmitting-absorbing boundaries), contact element (for fluid-solid 
interaction) and spring element (viscous-elastic artificial boundary). The response and 
response sensitivity algorithms for these models and elements have been implemented 
into OpenSees. In order to validate the program implementation of the DDM in 
OpenSees, the response sensitivities computed by using the DDM are shown to match 
those computed through the finite difference method (FDM). Implementation of the 
response and response sensitivity analysis for the gravity dam and dam-foundation- 
water coupling system extends OpenSees’ capability to model 3D concrete structures, 
so that it can be used to analyze the large hydraulic engineering (i.e., nonlinear 
dynamic response and response sensitivity analysis for concrete gravity dam and 
dam-foundation-water coupling system). 
Key words：Soil constitutive model; Cap plasticity model；Modified MYS model; 
Soil liquefaction model；Truncated Drucker-Prager model; Response sensitivity; 
Direct Differentiation Method; Consistent Tangent; Numerical stability and 
convergence; Concrete dam; Dam-foundation-water coupling system; Soil- 
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中，震级在 6.0 以上的近 800 次，地震造成的死亡人数达 55 万之多。仅仅 2008
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